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ABSTRACT 
 
 
 
 
Various dyes that had been widely used in industries may produce harmful 
effects to the living organisms and the environment if not treated properly before being 
discharged into water bodies. Photocatalytic decolourization is one of the promising 
techniques to degrade dyes due to its mild operating conditions and green technology 
process. In this study, the effects of titanium dioxide (TiO2) supported on 
mesostructured silica nanoparticles (MSN) under different preparation methods were 
investigated for photocatalytic decolourization of congo red (CR). The microwave-
synthesized mesoporous titania nanoparticles (MTN) supported on MSN were 
prepared by impregnation method (MTN/MSN), while electrogenerated TiO2 was 
supported on MSN by in-situ electrochemical (TiO2/MSN-E) and impregnation 
(TiO2/MSN-I) methods, respectively. The properties of the catalysts were 
characterized using X-ray diffraction (XRD), Fourier transform infrared (FTIR) 
spectroscopy, Nitrogen adsorption-desorption, electron spin resonance (ESR) analysis 
and 29Si magic angle spin nuclear magnetic resonance (29Si MAS NMR). The results 
indicated that the introduction of MTN and TiO2 did not change the lattice structure of 
MSN but decreased the surface area and pore volume of the catalysts as a consequence 
of pore blockage. The photocatalytic activity of the catalysts towards decolourization 
of 10 mg L-1 CR at pH 5 with 1.0 gL-1 catalyst after 5 h was in the following order: 
TiO2/MSN-E > MTN/MSN > TiO2/MSN-I. The TiO2/MSN-E (94 %) showed the best 
performance compared to other catalysts, probably due to the presence of abundant Si-
O-Ti bonds oxygen vacancies and titanium site defect in MSN frameworks. The 
kinetics study of the catalysts indicated that decolourization of CR followed the pseudo 
first order Langmuir-Hinshelwood model. The response surface methodology study 
for TiO2/MSN-E catalyst demonstrated good significance of model with a high 
coefficient of determination (R2 = 0.9698) and a regenerated study showed that the 
catalysts were still stable after 5 cycles. The employment of the catalyst on 
decolourization of simulated dyes revealed remarkable performance, suggesting the 
potential use of the catalysts for textile wastewater treatment. 
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ABSTRAK 
 
 
 
 
Pelbagai pencelup yang telah digunakan secara meluas dalam industri mungkin 
mendatangkan kesan berbahaya kepada organisma hidup dan persekitaran jika tidak 
dirawat dengan betul sebelum dilepaskan ke dalam sumber air. Penyahwarna 
fotopemangkinan adalah salah satu teknik yang meyakinkan untuk mengurai pencelup 
kerana keadaan operasi yang sederhana dan proses teknologi hijau. Dalam kajian ini, 
kesan titanium dioksida (TiO2) disokong pada mesostruktur silika zarahnano (MSN) 
terhadap kaedah penyediaan yang berbeza telah dikaji terhadap penyahwarna 
fotopemangkinan merah kongo (CR). Sintesis-ketuhar gelombang mikro liang meso 
titania zarahnano (MTN) telah disokong pada MSN dengan menggunakan teknik 
pengisitepuan (MTN/MSN), manakala penjana elektron TiO2 telah disokong pada 
MSN dengan in-situ elektrokimia (TiO2/MSN-E) dan pengisitepuan (TiO2/MSN-I). 
Sifat-sifat pemangkin telah dicirikan dengan menggunakan pembelauan sinar-X 
(XRD), spektroskopi inframerah transformasi Fourier (FTIR), penjerapan-
penyahjerapan nitrogen, analisis resonans putaran elektron (ESR) dan 29Si putaran 
sudut ajaib resonans magnet nukleus (29Si MAS NMR). Hasil kajian menunjukkan 
bahawa pengenalan MTN dan TiO2 tidak mengubah struktur kekisi MSN tetapi 
mengurangkan luas permukaan dan isipadu liang mangkin disebabkan liang tersumbat. 
Aktiviti fotopemangkinan pemangkin terhadap penyahwarnaan 10 mg L-1 CR pada pH 
5 apabila menggunakan 1.0 g L-1 pemangkin selepas 5 jam adalah dalam turutan 
berikut: TiO2/MSN-E > MTN/MSN > TiO2/MSN-I.  TiO2/MSN-E (94 %) 
menunjukkan prestasi yang terbaik berbanding pemangkin yang lain, mungkin 
disebabkan oleh kehadiran ikatan Si-O-Ti yang banyak, kekosongan oksigen dan 
kecacatan tapak titanium dalam kerangka MSN. Kajian kinetik pemangkin 
menunjukkan bahawa penyahwarnaan CR mengikut tertib model pertama pseudo 
Langmuir-Hinshelwood. Kajian kaedah gerak balas permukaan untuk pemangkin 
TiO2/MSN-E menunjukkan model penemuan baik dengan pekali penentu yang tinggi 
(R2 = 0.9698) dan kajian kebolehgunaan semula menunjukkan pemangkin masih stabil 
selepas 5 kitaran. Penggunaan pemangkin terhadap penyahwarnaan pencelup simulasi 
menunjukkan prestasi luar biasa, mencadangkan potensi penggunaan pemangkin 
untuk rawatan air sisa tekstil. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 
Textile dyes and other industrial dyestuffs constitute one of the largest groups 
of organic compounds, which contribute to an increasing environmental danger if not 
treated properly (Pouretedal and Keshavarz, 2010). The wastewater from dye industry 
containing toxic aromatic amine compounds are carcinogenic, harmful for skin, eye, 
blood and reproductive cell of human body, and threaten the aquatic organisms 
(Mohanta et al., 2013). There are more than 100,000 commercially available dyes with 
7×105 tons of dyestuff production annually (Khataee et al., 2010; Darus et al., 2005) 
and the synthetic origin and complex aromatic structures of dyes make them stable and 
difficult to be biodegraded (Srinivasan and Viraraghavan, 2010).   
 
 
Dye wastewater is one of the most difficult wastewaters to treat thus the 
removal of this toxic dye is considered as one of the important challenges in recent 
years (Abdel-Messih et al., 2013). A wide range of methods has been developed for 
the removal of synthetic dyes from waters and wastewaters to decrease their impact on 
the environment (Forgacs et al., 2004). The traditional wastewater treatment 
technologies including adsorption, coagulation or enzymatic decomposition have 
2 
proven to be markedly ineffective for handling wastewater of synthetic textile dyes 
because of the chemical stability of these pollutants. Besides that, the use of these 
techniques were also contribute to the production of secondary pollution, high cost and 
disable to treat all type of dyes (Lachheb et al., 2002). 
 
 
In recent time, advance oxidation process (AOP) appears to be promising 
technique to remove the pollutants because it is one of the simple and low cost 
processes. AOP rely on in situ generation of highly reactive radical species, mainly 
•OH by using solar, chemical or other forms of energy. The most attractive feature of 
AOPs is that this highly potential and strongly oxidizing radical allows the destruction 
of a wide range of organic chemical substrate with no selectivity (Gaya and Abdullah, 
2008). Among AOP, heterogeneous photocatalysis using semiconductors such as 
TiO2, ZnO, WO3, Fe2O3, CuO, ZrO2, and CdS has proved to be of real interest as 
efficient tool for degrading both aquatic and atmospheric organic contaminants. These 
semiconductors can convert a wide range of harmful dyes into non-toxic products, CO2 
and water at ambient temperatures (Houas et al., 2001; Sapawe et al., 2013a).  
 
 
Among all the catalysts, TiO2 is a well-known and most popular photocatalyst 
since it is relatively inexpensive to produce, non-toxic and chemically stable (Koodali 
and Zhao, 2010). It has a large number of applications such as environmental 
purification, decomposition of organic contaminants, generation of hydrogen gas, etc 
(Belhekar et al., 2002). However, TiO2 catalyst has some drawbacks such as wide band 
gap, high electron-hole recombination rate, large particle size and small surface area 
that limits its application range (Liu et al., 2015). To overcome those shortcoming, lot 
of researches nowadays focused on the modification of this catalyst by addition of 
mesoporous support.  
 
 
From the practical point of view, the ideal support for photocatalysis must 
satisfy several criteria as follows: (i) strong adherence between catalyst and support, 
(ii) non-degradation of the catalyst reactivity by the attachment process, (iii) offer a 
high specific surface area and (iv) have a strong adsorption affinity towards the 
3 
pollutants (Shan et al, 2010). In addition, the catalyst support influences the catalytic 
performance through structural features and the interaction between the materials leads 
to enhancement of the contact between the surface and the irradiation (Zhang et al., 
2010). Mesoporous silica (MS) is a suitable candidate to be used as a support due to 
its high surface area, highly uniform pore distribution, tunable pore size and unique 
hosting (Karim et al., 2012). Besides that, MS has high adsorption capacity that 
facilitate the photocatalytic reaction. In response to this, mesostructured silica 
nanoparticles (MSN) has become increasingly important because it also has such 
properties which offers considerable potential as an excellent solid support for 
immobilization of heterogeneous catalysts.  
 
 
Regarding all the factors, herein, we report three types of TiO2 supported on 
MSN and study its performance in photocatalytic decolourization of congo red (CR).  
Next, the potential of the catalyst was investigated on photodecolourization of 
simulated dye wastewater by using the optimum reaction condition.  
 
 
 
 
1.2 Problem Statement 
 
 
Recently, the disposal of untreated effluents from many dye industry to the 
environment often leads problems to humans and aquatic life. This phenomenon 
seriously affects the nature of water, inhibits sunlight penetration and reduces 
photosynthetic reactions. In addition, some dyes are either toxic or carcinogenic if not 
treated properly (Mittal et al., 2010). To overcome this problem, several methods for 
the removal of dyes have been reported, including chemical and biological oxidation, 
adsorption, coagulation and flocculation, electrochemical oxidation, ion exchange and 
membrane separation (Jusoh et al., 2013; Sapawe et al., 2013b). However, these 
methods have their own drawbacks of being time consuming, expensive, and 
commercially unattractive as well as the generation of secondary wastes. 
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The use of a heterogeneous photocatalysts for wastewater treatment has 
become more popular because it can be operated in mild conditions and transforms the 
toxic organic pollutants into nontoxic products (Zangeneh et al., 2015). In recent years, 
TiO2 have attracted great interest of many researcher for their peculiar properties, such 
as photostability, largely available, inexpensive and non-toxic (Yang et al., 2006; 
Jaafar et al., 2015a). However, it also shows some disadvantages such as lower surface 
area, easy to agglomerate into large particles and the separation or recovery of catalyst 
is difficult which has limited its application (Kuwahara and Yamashita, 2011).  
 
 
Many researchers focused on synthesis of mesoporous titania with high 
specific surface area or loading TiO2 with porous materials such as zeolite to improve 
its activity (Li et al., 2005; Yang et al., 2006). However, like most of the conventional 
zeolites, it is suffers from intracrystalline diffusion limitations due to the small size of 
its micropores. Accordingly, intensive research has been done to overcome this 
limitation, focusing on the synthesis of Ti-containing materials with enhanced 
accessibility to the reactive sites with large pores such as mesoporus silica (MS) 
(Corma et al., 1999; Cundy et al., 2003; Ke et al., 2007). Linking chemically TiO2 
particles and dispersing them inside the pores of MS materials allows the suitable mean 
pore size induce and control the oxide particle growth, uniformity of size, as well as 
to stabilize and prevent agglomeration of the particles (Acosta-Silva et al., 2011). 
Thus, this approach generates a large number of active sites which are used for 
adsorption/desorption of reactants or products. MS also have high surface area with a 
uniform and tunable pore size, which offers considerable potential as an excellent solid 
support for immobilization of heterogeneous catalysts and enhances the photocatalytic 
activity (Jusoh et al., 2013). In this study, we reported e new method preparing TiO2 
supported onto MSN and it is expected that the introduction of TiO2 on MSN can 
increase the surface area and number of active sites, thus enhance the photocatalytic 
activity.   
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1.3 Objective of Study 
 
 
The aims of this study are: 
 
1. To synthesize TiO2 and TiO2 supported on MSN using different preparation 
method and study the physico-chemical properties of a catalysts. 
2. To investigate the photoactivity of the catalysts on decolourization of congo 
red (CR). 
3. To study the mechanism and kinetics of the CR photodecolourization over the 
catalyst 
4. To optimize the photocatalytic decolourization by response surface 
methodology (RSM). 
5. To test the potential of catalysts on photodecolourization of simulated dye 
wastewater. 
 
 
 
 
1.4 Scope of Study 
 
 
The mesoporous TiO2 nanoparticles (MTN) and TiO2 catalysts were prepared 
by the microwave and electrolysis methods, respectively. Then, the MTN was loaded 
onto MSN by impregnation method (MTN/MSN) and, TiO2 were supported on MSN 
by in-situ electrolysis (TiO2/MSN-E) and impregnation electrolysis (TiO2/MSN-I) 
methods, accordingly. 
 
 
The physical and chemical properties of the catalysts was characterized using 
various method which could be explained as below. The structural and textural 
properties of the catalysts were recorded using X-ray diffraction (XRD) and N2 
adsorption-desorption isotherms, respectively. The chemical properties were 
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elucidated by Fourier transform infrared (FTIR) spectroscopy, electron spin resonance 
(ESR), 29Si magic angle spin nuclear magnetic resonance (29Si MAS NMR).  
 
 
The photoactivity of the TiO2/MSN-E was evaluated by the decolourization of 
congo red (CR) under varying parameters such as pH (5-11) and catalyst dosage 
(0.375-1.5 g L-1). Then, the best reaction conditions was applied for photoactivity of 
CR using MTN/MSN and TiO2/MSN-I. The mechanism pathway to prepare the 
catalyst was investigated based on the interaction between TiO2 and MSN framework 
support. A new structural model for the catalyst was established on the basis of 
characterization results. Next, the kinetic study of the photodecolourization was 
described by pseudo first-order Langmuir-Hinshelwood model. 
 
 
Response surface methodology (RSM) using central composite design (CCD) 
was carried out to optimize the conditions of photodecolourization using the high 
potential catalyst under three parameters including pH (5-9), catalyst dosage (0.5-1.5 
g L-1) and TiO2 loading (3-10 wt%). Finally, the potential of the related catalyst was 
tested for photodecolourization of simulated dye wastewater which contained of four 
types of dyes with 10 mg L-1 of initial concentration, including congo red (CR), methyl 
orange (MO), methylene blue (MB) and rhodamine B (RhB). 
 
 
 
 
1.5 Significant of Study 
 
 
This study was conducted to synthesize MTN/MSN and TiO2/MSN for 
photocatalytic decolourization of CR. A detail investigation of physico-chemical 
properties of the catalysts as well as the photocatalytic activity was also conducted. 
The TiO2 catalyst attracts great intention on photocatalytic activity of CR due to low 
cost, environmental benignity, plentiful polymorphs, good chemical and thermal 
stability. However, it also has some drawbacks such as easy to agglomerate and 
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difficult to separate. In response to this problem, the TiO2 has been modified by 
synthesizing mesoporous TiO2 and introducing TiO2 onto MSN. Additionally, the 
introduction of TiO2 onto MSN was improved the properties of the catalyst by 
increasing the adsorption capability and surface area while reducing the particle size. 
This catalyst was expected to give high percentage of photodecolourization of CR and 
consequently have great potential to be applied into various dyes samples in textile 
wastewater.  
 
 
 
 
1.6 Thesis Outline 
 
 
This thesis was divided into five chapters. In chapter 1, an introduction is given 
about the commercial use of dyes in industries and the significant of dyes removal that 
cause a problem to the environment and human health. The conventional removal 
techniques of dyes were also mentioned. Besides that, the potential of TiO2 as 
semiconductor photocatalyst and MSN as support material were highlighted. The 
problem of the current research was stated to give the clear objectives of the present 
study, while the scopes of study covered the research work to meet these objectives.  
 
 
Chapter 2 which is a literature review covers the details on previous studies 
that have been done in order to get the clear view in the synthesis, characterization and 
photocatalytic efficiency of catalyst. 
 
 
Chapter 3 described the experimental procedure which gives details on the 
chemicals and materials used in the present work, the procedure for catalyst 
preparation, characterization and photocatalytic reaction which includes experimental 
setup and analysis calculation.  
 
 
8 
Chapter 4, results and discussion are discussed in four parts, (i) physico-
chemical properties of catalysts (ii) photocatalytic activity of the catalysts (iii) 
optimization of photodecolourization of CR by RSM and (iv) potential of catalyst on 
photodecolourization of simulated dye wastewater. The result are presented and 
discussed comprehensively 
 
 
Finally, the conclusion about the study and the recommendation for future 
studies were simplified in the last chapter which is chapter 5. 
 
84 
 
 
 
 
REFERENCES 
 
 
 
 
Abdel-Messih, M.F., Ahmed, M.A. and El-Sayed, A.S. (2013). Photocatalytic 
decolorization of Rhodamine B dye using novel mesoporous SnO2–TiO2 nano 
mixed oxides prepared by sol–gel method. Journal of Photochemistry and 
Photobiology A: Chemistry, 260(0): 1-8. 
Adzamic, Z., Adzamic, T., Muzic, M. and Sertic-Bionda, K. (2013). Optimization of 
the n-hexane isomerization process using response surface methodology. 
Chemical Engineering Research and Design, 91(1): 100-105. 
Ahmed, M.A., Ateia, E. and Salem, F.M. (2007). The effect of Ti4+ ions and gamma 
radiation on the structure and electrical properties of Mg ferrite. Journal of 
Materials Science, 42(10): 3651-3660. 
Akpan, U. G. and Hameed, B. H. (2009). Parameters affecting the photocatalytic 
degradation of dyes using TiO2-based photocatalysts: A review. Journal of 
Hazardous Materials, 170(2–3): 520-529. 
Annadurai, G., Juang, R.S. and Lee, D.J. (2002). Factorial design analysis for 
adsorption of dye on activated carbon beads incorporated with calcium 
alginate. Advances in Environmental Research, 6(2): 191-198. 
Aziz, M.A.A., Jalil, A.A., Triwahyono, S. and Sidik, S.M. (2014). Methanation of 
carbon dioxide on metal-promoted mesostructured silica nanoparticles. 
Applied Catalysis A: General, 486: 115-122. 
Aziz, M.A.A., Jalil, A.A., Triwahyono, S. and Saad, M.W.A. (2015). CO2 methanation 
over Ni-promoted mesostructured silica nanoparticles: Influence of Ni loading 
and water vapor on activity and response surface methodology studies. 
Chemical Engineering Journal, 260(0): 757-764. 
85 
Behnajady, M.A., Modirshahla, N. and Hamzavi, R. (2006). Kinetic study on 
photocatalytic degradation of C.I. Acid Yellow 23 by ZnO photocatalyst. 
Journal of Hazardous Materials, 133(1–3): 226-232. 
Behnajady, M.A. and Eskandarloo, H. (2015). Preparation of TiO2 nanoparticles by 
the sol–gel method under different pH conditions and modeling of 
photocatalytic activity by artificial neural network. Research on Chemical 
Intermediates, 41(4): 2001-2017. 
Belhekar, A. A., Awate, S. V. and Anand, R. (2002). Photocatalytic activity of titania 
modified mesoporous silica for pollution control. Catalysis Communications, 
3(10): 453-458. 
Benamor, T., Vidal, L., Lebeau, B. and Marichal, C. (2012). Influence of synthesis 
parameters on the physico-chemical characteristics of SBA-15 type ordered 
mesoporous silica. Microporous and Mesoporous Materials, 153: 100-114. 
Barrocas, B., Monteiro, O.C., Jorge, M.E.M. and Sério, S. (2013). Photocatalytic 
activity and reusability study of nanocrystalline TiO2 films prepared by 
sputtering technique. Applied Surface Science, 264: 111-116. 
Brillas, E. and Martínez-Huitle, C.A. (2015). Decontamination of wastewaters 
containing synthetic organic dyes by electrochemical methods. An updated 
review. Applied Catalysis B: Environmental, 166–167(0): 603-643. 
Cao, Y., Wei, H.J. and Xia, Z.N. (2009). Advances in microwave assisted synthesis of 
ordered mesoporous materials. Transactions of Nonferrous Metals Society of 
China, 19, Supplement 3(0): s656-s664. 
Chatterjee, D. and Dasgupta, S. (2005). Visible light induced photocatalytic 
degradation of organic pollutants. Journal of Photochemistry and 
Photobiology C: Photochemistry Reviews, 6(2–3): 186-205. 
Chen, Q., Jiang, D., Shi, W., Wu, D. and Xu, Y. (2009). Visible-light-activated Ce–Si 
co-doped TiO2 photocatalyst. Applied Surface Science, 255(18): 7918-7924. 
Cho, I.H. and Zoh, K.D. (2007). Photocatalytic degradation of azo dye (Reactive Red 
120) in TiO2/UV system: Optimization and modeling using a response surface 
methodology (RSM) based on the central composite design. Dyes and 
Pigments, 75(3): 533-543. 
Corma, A., Navarro, M.T. and Pariente, J.P. (1994). Synthesis of an ultralarge pore 
titanium silicate isomorphous to MCM-41 and its application as a catalyst for 
86 
selective oxidation of hydrocarbons. Journal of the Chemical Society, 
Chemical Communications(2): 147-148. 
Crini, G. (2006). Non-conventional low-cost adsorbents for dye removal: A review. 
Bioresource Technology, 97(9): 1061-1085. 
Cundy, C.S., Forrest, J.O. and Plaisted, R.J. (2003). Some observations on the 
preparation and properties of colloidal silicalites. Part I: synthesis of colloidal 
silicalite-1 and titanosilicalite-1 (TS-1). Microporous and Mesoporous 
Materials, 66(2–3): 143-156. 
Dai, Q., He, N., Weng, K., Lin, B., Lu, Z. and Yuan, C. (1999). Enhanced 
photocatalytic activity of titanium dioxide supported on hexagonal mesoporous 
silica at lower coverage. Journal of inclusion phenomena and macrocyclic 
chemistry, 35(1-2): 11-21. 
Darus, F.M., Hashim, H.J., Laiman, R. and Yusoff, M.N. (2005). Use of palm oilfiber, 
and agricultural waste for removal of methylene blue from aqueous solution. 
Prosiding Seminar Kebangsaan Pengurusan Persekitaran, Bangi, UKM. 
ISBN: 983-2975-47-6. 301-308. 
Deng, Y., Cai, Y., Sun, Z., and Zhao, D. (2011). Magnetically responsive ordered 
mesoporous materials: A burgeoning family of functional composite 
nanomaterials. Chemicals Physics Letters. 510(1-3): 1-13. 
Dubey, N., Rayalu, S.S., Labhsetwar, N.K., Naidu, R.R., Chatti, R.V. and Devotta, S. 
(2006). Photocatalytic properties of zeolite-based materials for the 
photoreduction of methyl orange. Applied Catalysis A: General, 303(2): 152-
157 
Erdemoğlu, S., Aksu, S.K., Sayılkan, F., İzgi, B., Asiltürk, M., Sayılkan, H., Frimmel, 
F. and Güçer, Ş. (2008). Photocatalytic degradation of Congo Red by 
hydrothermally synthesized nanocrystalline TiO2 and identification of 
degradation products by LC–MS. Journal of Hazardous Materials, 155(3): 
469-476. 
Esfandiar, N., Nasernejad, B. and Ebadi, T. (2014). Removal of Mn(II) from 
groundwater by sugarcane bagasse and activated carbon (a comparative study): 
Application of response surface methodology (RSM). Journal of Industrial 
and Engineering Chemistry, 20(5): 3726-3736. 
Forgacs, E., Cserháti, T. and Oros, G. (2004). Removal of synthetic dyes from 
wastewaters: a review. Environment International, 30(7): 953-971. 
87 
Gao, Y. and Hao, J. (2009). Electrochemical Synthesis of Zinc Nanoparticles via a 
Metal−Ligand-Coordinated Vesicle Phase. The Journal of Physical Chemistry 
B, 113(28): 9461-9471. 
Gaya, U. I. and Abdullah, A. H. (2008). Heterogeneous photocatalytic degradation of 
organic contaminants over titanium dioxide: A review of fundamentals, 
progress and problems. Journal of Photochemistry and Photobiology C: 
Photochemistry Reviews, 9(1): 1-12. 
Gil, B., Mokrzycki, L., Sulikowski, B., Olejniczak, Z. and Walas, S. (2010). 
Desilication of ZSM-5 and ZSM-12 zeolites: Impact on textural, acidic and 
catalytic properties. Catalysis Today, 152(1–4): 24-32. 
Gondal, M. A. and Seddigi, Z. (2006). Laser-induced photo-catalytic removal of 
phenol using n-type WO3 semiconductor catalyst. Chemical Physics Letters, 
417(1–3): 124-127. 
Gupta, V. K. and Suhas (2009). Application of low-cost adsorbents for dye removal – 
A review. Journal of Environmental Management, 90(8): 2313-2342. 
Hayat, K., Gondal, M.A., Khaled, M.M., Ahmed, S. and Shemsi, A.M. (2011). Nano 
ZnO synthesis by modified sol gel method and its application in heterogeneous 
photocatalytic removal of phenol from water. Applied Catalysis A: General, 
393(1–2): 122-129. 
Houas, A., Lachheb, H., Ksibi, M., Elaloui, E., Guillard, C. and Herrmann, J.-M. 
(2001). Photocatalytic degradation pathway of methylene blue in water. 
Applied Catalysis B: Environmental, 31(2): 145-157. 
Hu, C., Yu, J.C., Hao, Z. and Wong, P.K. (2003). Effects of acidity and inorganic ions 
on the photocatalytic degradation of different azo dyes. Applied Catalysis B: 
Environmental, 46(1): 35-47. 
Huang, C. H., Chang, K. P., Ou, H. D., Chiang, Y. C., Chang, E. E. and Wang, C. F. 
(2011). Characterization and application of Ti-containing mesoporous silica 
for dye removal with synergistic effect of coupled adsorption and 
photocatalytic oxidation. Journal of Hazardous Materials, 186(2–3): 1174-
1182. 
Hunger, K. (2003). Industrial Dyes: Chemistry, Properties, Application. Weinheim, 
Germany: Wiley-VCH Verlag GmbH & Co. KGaA.  
Jaafar, N.F., Abdul Jalil, A., Triwahyono, S., Muhd Muhid, M.N., Sapawe, N., Satar, 
M.A.H. and Asaari, H. (2012). Photodecolorization of methyl orange over α-
88 
Fe2O3-supported HY catalysts: The effects of catalyst preparation and 
dealumination. Chemical Engineering Journal, 191: 112-122. 
Jaafar, N. F., Jalil, A. A., Triwahyono, S., Efendi, J., Mukti, R.R., Jusoh, R., Jusoh, 
N.W.C., Karim, A.H., Salleh, N.F.M. and Suendo, V. (2015). Direct in situ 
activation of Ag0 nanoparticles in synthesis of Ag/TiO2 and its photoactivity. 
Applied Surface Science, 338(0): 75-84. 
Jaafar, N.F., Jalil, A.A., Triwahyono, S. and Shamsuddin, N. (2015). New insights into 
self-modification of mesoporous titania nanoparticles for enhanced 
photoactivity: effect of microwave power density on formation of oxygen 
vacancies and Ti3+ defects. RSC Advances, 5(110): 90991-91000. 
Jalil, A.A., Kurono, N., and Tokuda, M. (2002). Facile synthesis of ethyl 2-
arylpropenoates by cross coupling using electrogenerated highly reactive zinc 
and palladium catalyst. Synlett: 1944 – 1946. 
Jalil, A.A., Triwahyono, S., Karim, A.H., Nordin, N.K., Asli, U.A., Hassim, M.H. and 
Prasetyoko, D. (2015). Grape-like mesostructured silica nanoparticle-
decorated single-walled carbon nanotubes: silica growth and dye adsorptivity. 
RSC Advances, 5(88): 71796-71804. 
Jiang, Q., Wu, Z.Y., Wang, Y.M., Cao, Y., Zhou, C.F. and Zhu, J.H. (2006). 
Fabrication of photoluminescent ZnO/SBA-15 through directly dispersing zinc 
nitrate into the as-prepared mesoporous silica occluded with template. Journal 
of Materials Chemistry, 16(16): 1536-1542. 
Jusoh, N.W.C., Jalil, A.A., Triwahyono, S., Setiabudi, H.D., Sapawe, N., Satar, 
M.A.H., Karim, A.H., Kamarudin, N.H.N., Jusoh, R., Jaafar, N.F., Salamun, 
N. and Efendi, J. (2013). Sequential desilication–isomorphous substitution 
route to prepare mesostructured silica nanoparticles loaded with ZnO and their 
photocatalytic activity. Applied Catalysis A: General, 468(0): 276-287. 
Jusoh, R., Jalil, A.A., Triwahyono, S. and Kamarudin, N.H.N. (2015a). Synthesis of 
dual type Fe species supported mesostructured silica nanoparticles: 
synergistical effects in photocatalytic activity. RSC Advances, 5(13): 9727-
9736. 
Jusoh, N.W.C., Jalil, A.A., Triwahyono, S. and Mamat, C.R. (2015b). Tailoring the 
metal introduction sequence onto mesostructured silica nanoparticles 
framework: Effect on physicochemical properties and photoactivity. Applied 
Catalysis A: General, 492: 169-176. 
89 
Jusoh, N.W.C., Jalil, A.A., Triwahyono, S., Karim, A.H., Salleh, N.F., Annuar, 
N.H.R., Jaafar, N.F., Firmansyah, M.L., Mukti, R.R. and Ali, M.W. (2015c). 
Structural rearrangement of mesostructured silica nanoparticles incorporated 
with ZnO catalyst and its photoactivity: Effect of alkaline aqueous electrolyte 
concentration. Applied Surface Science, 330: 10-19. 
Karim, A.H., Jalil, A.A., Triwahyono, S., Sidik, S.M., Kamarudin, N.H.N., Jusoh, R., 
Jusoh, N.W.C. and Hameed, B.H. (2012). Amino modified mesostructured 
silica nanoparticles for efficient adsorption of methylene blue. Journal of 
Colloid and Interface Science, 386(1): 307-314. 
Kamarudin, N.H.N., Jalil, A.A., Triwahyono, S., Salleh, N.F.M., Karim, A.H., Mukti, 
R.R., Hameed, B.H. and Ahmad, A. (2013). Role of 3-
aminopropyltriethoxysilane in the preparation of mesoporous silica 
nanoparticles for ibuprofen delivery: Effect on physicochemical properties. 
Microporous and Mesoporous Materials, 180: 235-24 
Karim, A.H., Jalil, A.A., Triwahyono, S., Kamarudin, N.H.N. and Ripin, A. (2014). 
Influence of multi-walled carbon nanotubes on textural and adsorption 
characteristics of in situ synthesized mesostructured silica. Journal of Colloid 
and Interface Science, 421: 93-102. 
Ke, X., Xu, L., Zeng, C., Zhang, L. and Xu, N. (2007). Synthesis of mesoporous TS-1 
by hydrothermal and steam-assisted dry gel conversion techniques with the aid 
of triethanolamine. Microporous and Mesoporous Materials, 106(1–3): 68-75. 
Khataee, A.R. and Kasiri, M.B. (2010). Photocatalytic degradation of organic dyes in 
the presence of nanostructured titanium dioxide: Influence of the chemical 
structure of dyes. Journal of Molecular Catalysis A: Chemical, 328(1–2): 8-
26. 
Klankaw, P., Chawengkijwanich, C., Grisdanurak, N. and Chiarakorn, S. (2012). The 
hybrid photocatalyst of TiO2–SiO2 thin film prepared from rice husk silica. 
Superlattices and Microstructures, 51(3): 343-352. 
Konstantinou, I.K. and Albanis, T.A. (2004). TiO2-assisted photocatalytic degradation 
of azo dyes in aqueous solution: kinetic and mechanistic investigations: A 
review. Applied Catalysis B: Environmental, 49(1): 1-14. 
Koodali, R.T. and Zhao, D. (2010). Photocatalytic degradation of aqueous organic 
pollutants using titania supported periodic mesoporous silica. Energy & 
Environmental Science, 3(5): 608-614. 
90 
Kuwahara, Y. and Yamashita, H. (2011). Efficient photocatalytic degradation of 
organics diluted in water and air using TiO2 designed with zeolites and 
mesoporous silica materials. Journal of Materials Chemistry, 21(8): 2407-
2416. 
Lachheb, H., Puzenat, E., Houas, A., Ksibi, M., Elaloui, E., Guillard, C. and Herrmann, 
J.-M. (2002). Photocatalytic degradation of various types of dyes (Alizarin S, 
Crocein Orange G, Methyl Red, Congo Red, Methylene Blue) in water by UV-
irradiated titania. Applied Catalysis B: Environmental, 39(1): 75-90. 
Lan, S., Liu, L., Li, R., Leng, Z. and Gan, S. (2014). Hierarchical Hollow Structure 
ZnO: Synthesis, Characterization, and Highly Efficient 
Adsorption/Photocatalysis toward Congo Red. Industrial & Engineering 
Chemistry Research, 53(8): 3131-3139. 
Li, Y. and Kim, S.J. (2005). Synthesis and characterization of nano titania particles 
embedded in mesoporous silica with both high photocatalytic activity and 
adsorption capability. The Journal of Physical Chemistry B, 109(25): 12309-
12315. 
Li, Y., Sun, S., Ma, M., Ouyang, Y. and Yan, W. (2008). Kinetic study and model of 
the photocatalytic degradation of rhodamine B (RhB) by a TiO2-coated 
activated carbon catalyst: Effects of initial RhB content, light intensity and 
TiO2 content in the catalyst. Chemical Engineering Journal, 142(2): 147-155. 
Li, L., Qin, X., Wang, G., Qi, L., Du, G. and Hu, Z. (2011). Synthesis of anatase TiO2 
nanowires by modifying TiO2 nanoparticles using the microwave heating 
method. Applied Surface Science, 257(18): 8006-8012. 
Li, F.T., Wang, X.J., Zhao, Y., Liu, J.X., Hao, Y.J., Liu, R.H. and Zhao, D.S. (2014a). 
Ionic-liquid-assisted synthesis of high-visible-light-activated N–B–F-tri-doped 
mesoporous TiO2 via a microwave route. Applied Catalysis B: Environmental, 
144(0): 442-453. 
Li, W., Wu, Z., Wang, J., Elzatahry, A.A. and Zhao, D. (2014). A Perspective on 
Mesoporous TiO2 Materials. Chemistry of Materials, 26(1): 287-298. 
Li, L., Zhang, X., Zhang, W., Wang, L., Chen, X. and Gao, Y. (2014). Microwave-
assisted synthesis of nanocomposite Ag/ZnO–TiO2 and photocatalytic 
degradation Rhodamine B with different modes. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects, 457(0): 134-141. Liqiang, J., 
Yichun, Q., Baiqi, W., Shudan, L., Baojiang, J., Libin, Y., Wei, F., Honggang, 
91 
F. and Jiazhong, S. (2006). Review of photoluminescence performance of 
nano-sized semiconductor materials and its relationships with photocatalytic 
activity. Solar Energy Materials and Solar Cells, 90(12): 1773-1787. 
Lin, X.H., Wu, Y., Xiang, J., He, D. and Li, S.F.Y. (2016). Elucidation of mesopore-
organic molecules interactions in mesoporous TiO2 photocatalysts to improve 
photocatalytic activity. Applied Catalysis B: Environmental, 199: 64-74. 
Lin, Y. C., Liu, S. H., Syu, H. R. and Ho, T. H. (2012). Synthesis, characterization and 
photocatalytic performance of self-assembled mesoporous TiO2 nanoparticles. 
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 
95(0): 300-304. 
Litter, M.I. (1999). Heterogeneous photocatalysis: Transition metal ions in 
photocatalytic systems. Applied Catalysis B: Environmental, 23(2–3): 89-114. 
Liu, H.L. and Chiou, Y.R. (2005). Optimal decolorization efficiency of Reactive Red 
239 by UV/TiO2 photocatalytic process coupled with response surface 
methodology. Chemical Engineering Journal, 112(1–3): 173-179. 
Liu, D., Lau, R., Borgna, A. and Yang, Y. (2009). Carbon dioxide reforming of 
methane to synthesis gas over Ni-MCM-41 catalysts. Applied Catalysis A: 
General, 358(2): 110-118. 
Liu, H., Deng, L., Sun, C., Li, J. and Zhu, Z. (2015). Titanium dioxide encapsulation 
of supported Ag nanoparticles on the porous silica bead for increased 
photocatalytic activity. Applied Surface Science, 326: 82-90. 
Liu, H. L. and Chiou, Y. R. (2005). Optimal decolorization efficiency of Reactive Red 
239 by UV/TiO2 photocatalytic process coupled with response surface 
methodology. Chemical Engineering Journal, 112(1–3): 173-179. 
Mittal, A., Mittal, J., Malviya, A., Kaur, D. and Gupta, V.K. (2010). Decoloration 
treatment of a hazardous triarylmethane dye, Light Green SF (Yellowish) by 
waste material adsorbents. Journal of Colloid and Interface Science, 342(2): 
518-527. 
Mohanta, O., Singhbabu, Y.N., Giri, S.K., Dadhich, D., Das, N.N. and Sahu, R.K. 
(2013). Degradation of congo red pollutants using microwave derived 
SrFe12O19: An efficient magnetic photocatalyst under visible light. Journal of 
Alloys and Compounds, 564: 78-83. 
Murata, C., Yoshida, H., Kumagai, J. and Hattori, T. (2003). Active Sites and Active 
Oxygen Species for Photocatalytic Epoxidation of Propene by Molecular 
92 
Oxygen over TiO2−SiO2 Binary Oxides. The Journal of Physical Chemistry B, 
107(18): 4364-4373. 
Nigam, P., Armour, G., Banat, I.M., Singh, D. and Marchant, R. (2000). Physical 
removal of textile dyes from effluents and solid-state fermentation of dye-
adsorbed agricultural residues. Bioresource Technology, 72(3): 219-226. 
Noda, S., Yoshida, K., Ogasawara, M. and Yoshida, H. (1980). Effect of an inefficient 
electron scavenger on infrared- and visible-absorbing electrons in an ethanol 
matrix. The Journal of Physical Chemistry, 84(1): 57-59. 
Pang, Y.L., Abdullah, A.Z. and Bhatia, S. (2011). Optimization of sonocatalytic 
degradation of Rhodamine B in aqueous solution in the presence of TiO2 
nanotubes using response surface methodology. Chemical Engineering 
Journal, 166(3): 873-880. 
Panthi, G., Park, M., Kim, H.Y., Lee, S.Y. and Park, S.J. (2015). Electrospun ZnO 
hybrid nanofibers for photodegradation of wastewater containing organic dyes: 
A review. Journal of Industrial and Engineering Chemistry, 21(0): 26-35. 
Pezoti Junior, O., Cazetta, A.L., Gomes, R.C., Barizão, É.O., Souza, I.P.A.F., Martins, 
A.C., Asefa, T. and Almeida, V.C. (2014). Synthesis of ZnCl2-activated carbon 
from macadamia nut endocarp (Macadamia integrifolia) by microwave-
assisted pyrolysis: Optimization using RSM and methylene blue adsorption. 
Journal of Analytical and Applied Pyrolysis, 105: 166-176. 
Pouretedal, H.R. and Keshavarz, M.H. (2010). Synthesis and characterization of 
Zn1−XCuXS and Zn1−XNiXS nanoparticles and their applications as 
photocatalyst in congo red degradation. Journal of Alloys and Compounds, 
501(1): 130-135. 
Puangpetch, T., Sreethawong, T., and Chavadej, S. (2010). Hydrogen Production over 
Metal-Loaded Mesoporous-Assembled SrTiO3 Nanocrystal Photocatalysts: 
Effects of Metal Type and Loading. International Journal of Hydrogen 
Energy. 35(13): 6531-6540. 
Rai, H.S., Bhattacharyya, M.S., Singh, J., Bansal, T.K., Vats, P. and Banerjee, U.C. 
(2005). Removal of Dyes from the Effluent of Textile and Dyestuff 
Manufacturing Industry: A Review of Emerging Techniques With Reference 
to Biological Treatment. Critical Reviews in Environmental Science and 
Technology, 35(3): 219-238. 
93 
Rasalingam, S., Kibombo, H. S., Wu, C. M., Budhi, S., Peng, R., Baltrusaitis, J. and 
Koodali, R.T. (2013). Influence of Ti–O–Si hetero-linkages in the 
photocatalytic degradation of Rhodamine B. Catalysis Communications, 31: 
66-70. 
Rasalingam, S., Kibombo, H.S., Wu, C.-M., Peng, R., Baltrusaitis, J. and Koodali, 
R.T. (2014). Competitive role of structural properties of titania–silica mixed 
oxides and a mechanistic study of the photocatalytic degradation of phenol. 
Applied Catalysis B: Environmental, 148–149: 394-405. 
Rauf, M.A., Meetani, M.A. and Hisaindee, S. (2011). An overview on the 
photocatalytic degradation of azo dyes in the presence of TiO2 doped with 
selective transition metals. Desalination, 276(1–3): 13-27. 
Robinson, T., McMullan, G., Marchant, R. and Nigam, P. (2001). Remediation of dyes 
in textile effluent: a critical review on current treatment technologies with a 
proposed alternative. Bioresource Technology, 77(3): 247-255. 
Sakkas, V.A., Islam, M.A., Stalikas, C. and Albanis, T.A. (2010). Photocatalytic 
degradation using design of experiments: A review and example of the Congo 
red degradation. Journal of Hazardous Materials, 175(1–3): 33-44. 
Sakthivel, S., Neppolian, B., Shankar, M.V., Arabindoo, B., Palanichamy, M. and 
Murugesan, V. (2003). Solar photocatalytic degradation of azo dye: 
comparison of photocatalytic efficiency of ZnO and TiO2. Solar Energy 
Materials and Solar Cells, 77(1): 65-82. 
Salleh, N.F.M., Jalil, A.A., Triwahyono, S., Efendi, J., Mukti, R.R. and Hameed, B.H. 
(2015). New insight into electrochemical-induced synthesis of NiAl2O4/Al2O3: 
Synergistic effect of surface hydroxyl groups and magnetism for enhanced 
adsorptivity of Pd(II). Applied Surface Science, 349: 485-495. 
Sapawe, N., Jalil, A. A. and Triwahyono, S. (2013a). One-pot electro-synthesis of 
ZrO2–ZnO/HY nanocomposite for photocatalytic decolorization of various 
dye-contaminants. Chemical Engineering Journal, 225(0): 254-265. 
Sapawe, N., Jalil, A.A., Triwahyono, S., Sah, R.N.R.A., Jusoh, N.W.C., Hairom, 
N.H.H. and Efendi, J. (2013b). Electrochemical strategy for grown ZnO 
nanoparticles deposited onto HY zeolite with enhanced photodecolorization of 
methylene blue: Effect of the formation of Si-O-Zn bonds. Applied Catalysis 
A: General, 456(0): 144-158. 
94 
Sazegar, M.R., Jalil, A.A., Triwahyono, S., Mukti, R.R., Aziz, M., Aziz, M.A.A., 
Setiabudi, H.D. and Kamarudin, N.H.N. (2014). Protonation of Al-grafted 
mesostructured silica nanoparticles (MSN): Acidity and catalytic activity for 
cumene conversion. Chemical Engineering Journal, 240: 352-361. 
Sen, R. K and Swaminathan, T. (2004). Response surface modeling and optimization 
to elucidate and analyze the effects of inoculum age and size on surfactin 
production. Biochemical Engineering Journal. 21: 141-148. 
Seo, H. O., Sim, C.W., Kim, K.-D., Kim, Y.D. and Lim, D.C. (2012). Nanoporous 
TiO2/SiO2 prepared by atomic layer deposition as adsorbents of methylene blue 
in aqueous solutions. Chemical Engineering Journal, 183(0): 381-386.  
Setiabudi, H.D., Jalil, A.A., Triwahyono, S., Kamarudin, N.H.N. and Jusoh, R. (2013). 
Ir/Pt-HZSM5 for n-pentane isomerization: Effect of Si/Al ratio and reaction 
optimization by response surface methodology. Chemical Engineering 
Journal, 217: 300-309. 
Shan, A.Y., Ghazi, T.I.M. and Rashid, S.A. (2010). Immobilisation of titanium dioxide 
onto supporting materials in heterogeneous photocatalysis: A review. Applied 
Catalysis A: General, 389(1–2): 1-8. 
Sharma, S. K. (2015). Green Chemistry for Dyes Removal from Waste Water: 
Research Trends and Applications. United State, America: John Wiley & Sons.  
Shen, W., Li, Z., Wang, H., Liu, Y., Guo, Q. and Zhang, Y. (2008). Photocatalytic 
degradation for methylene blue using zinc oxide prepared by codeposition and 
sol–gel methods. Journal of Hazardous Materials, 152(1): 172-175. 
Sidik, S.M., Jalil, A.A., Triwahyono, S., Abdullah, T.A.T. and Ripin, A. (2015). CO2 
reforming of CH4 over Ni/mesostructured silica nanoparticles (Ni/MSN). RSC 
Advances, 5(47): 37405-37414. 
Sidik, S.M., Triwahyono, S., Jalil, A.A., Aziz, M.A.A., Fatah, N.A.A. and Teh, L.P. 
(2016). Tailoring the properties of electrolyzed Ni/mesostructured silica 
nanoparticles (MSN) via different Ni-loading methods for CO2 reforming of 
CH4. Journal of CO2 Utilization, 13: 71-80. 
Singh, K. and Arora, S. (2011). Removal of synthetic textile dyes from wastewaters: 
A critical review on present treatment technologies. Critical Reviews in 
Environmental Science and Technology, 41(9): 807-878. 
Slokar, Y.M. and Majcen Le Marechal, A. (1998). Methods of decoloration of textile 
wastewaters. Dyes and Pigments, 37(4): 335-356. 
95 
Soto-Vázquez, L., Cotto, M., Ducongé, J., Morant, C. and Márquez, F. (2016). 
Synthesis and photocatalytic activity of TiO2 nanowires in the degradation of 
p-aminobenzoic acid: A comparative study with a commercial catalyst. 
Journal of Environmental Management, 167: 23-28. 
Srinivasan, A. and Viraraghavan, T. (2010). Decolorization of dye wastewaters by 
biosorbents: A review. Journal of Environmental Management, 91(10): 1915-
1929. 
Strunk, J., Vining, W.C. and Bell, A.T. (2010). A Study of Oxygen Vacancy Formation 
and Annihilation in Submonolayer Coverages of TiO2 Dispersed on MCM-48. 
The Journal of Physical Chemistry C, 114(40): 16937-16945. 
Sun, J.H., Wang, Y.K., Sun, R.X. and Dong, S.Y. (2009). Photodegradation of azo dye 
congo red from aqueous solution by the WO3–TiO2/activated carbon (AC) 
photocatalyst under the UV irradiation. Materials Chemistry and Physics, 
115(1): 303-308. 
Yagub, M.T., Sen, T.K., Afroze, S. and Ang, H.M. (2014). Dye and its removal from 
aqueous solution by adsorption: A review. Advances in Colloid and Interface 
Science, 209(0): 172-184. 
Yuan, C., Hong-Juan, W., and Zhi-Ning, X. (2009). Advances in microwave assisted 
synthesis of ordered mesoporous materials. Transaction of Nonferrous Metals 
Society of China. 19: 656-664. 
Wang, H., Baek, S., Lee, J. and Lim, S. (2009). High photocatalytic activity of silver-
loaded ZnO-SnO2 coupled catalysts. Chemical Engineering Journal, 146(3): 
355-361. 
Wang, Y., He, Y., Lai, Q. and Fan, M. (2014). Review of the progress in preparing 
nano TiO2: An important environmental engineering material. Journal of 
Environmental Sciences, 26(11): 2139-2177. 
Wu, Q., Zheng, Q. and van de Krol, R. (2012). Creating Oxygen Vacancies as a Novel 
Strategy to Form Tetrahedrally Coordinated Ti4+ in Fe/TiO2 Nanoparticles. The 
Journal of Physical Chemistry C, 116(12): 7219-7226. 
Xiong, L. B., Li, J. L., Yang, B. and Yu, Y. (2012). Ti3+ in the surface of titanium 
dioxide: generation, properties and photocatalytic application. Journal of 
Nanomaterials, 2012: 9-9. 
Yang, J., Zhang, J., Zhu, L., Chen, S., Zhang, Y., Tang, Y., Zhu, Y. and Li, Y. (2006). 
Synthesis of nano titania particles embedded in mesoporous SBA-15: 
96 
Characterization and photocatalytic activity. Journal of Hazardous Materials, 
137(2): 952-958. 
Zangeneh, H., Zinatizadeh, A.A.L., Habibi, M., Akia, M. and Hasnain Isa, M. (2015). 
Photocatalytic oxidation of organic dyes and pollutants in wastewater using 
different modified titanium dioxides: A comparative review. Journal of 
Industrial and Engineering Chemistry, 26: 1-36. 
Zhang, W., Wang, K., Yu, Y. and He, H. (2010). TiO2/HZSM-5 nano-composite 
photocatalyst: HCl treatment of NaZSM-5 promotes photocatalytic 
degradation of methyl orange. Chemical Engineering Journal, 163(1–2): 62-
67. 
Zhao, X.S., Lu, G.Q., Whittaker, A.K., Millar, G.J. and Zhu, H.Y. (1997). 
Comprehensive Study of Surface Chemistry of MCM-41 Using 29Si CP/MAS 
NMR, FTIR, Pyridine-TPD, and TGA. The Journal of Physical Chemistry B, 
101(33): 6525-6531. 
Zhao, X.S. and Lu, G.Q. (1998). Modification of MCM-41 by Surface Silylation with 
Trimethylchlorosilane and Adsorption Study. The Journal of Physical 
Chemistry B, 102(9): 1556-1561. 
Zhao, J., Chen, C. and Ma, W. (2005). Photocatalytic degradation of organic pollutants 
under visible light irradiation. Topics in Catalysis, 35(3-4): 269-278. 
Zhu, S., Zhang, D., Zhang, X., Zhang, L., Ma, X., Zhang, Y. and Cai, M. (2009). 
Sonochemical incorporation of nanosized TiO2 inside mesoporous silica with 
high photocatalytic performance. Microporous and Mesoporous Materials, 
126(1–2): 20-25. 
  
 
 
 
  
 
 
 
 
 
 
